Populations of lactose positive (Lac') and proteinase positive (Prt+) cells from Streptococcus lactis M18, C10, and ML3 grown at 39°C gave rise to increasing proportions of Lac-Prt-clones. The deficiencies did not appear until after a number of generations at the elevated temperature, and the rate depended on the strain. Lac-Prt+ and Lac+ Prt-mutants were isolated after treatment with ethidium bromide. Plasmid deoxyribonucleic acid was isolated by cesium chloride-ethidium bromide equilibrium density gradient centrifugation from the parent cultures as well as from their Lac-Prt-, Lac-Prt+, and Lac+ Prtmutants. Five distinct plasmid sizes of approximate molecular weights of 2, 4, 8, 21, and 27 million were found in S. lactis C10, whereas the Lac-Prt-derivative lacked the 8-and 21-million-dalton plasmids, but the 8-million-dalton plasmid was present in the Lac-Prt+ mutant. In S. lactis M18 five plasmids possessing molecular weights of about 2, 4, 10, 18, and 27 million were observed. The 10-and 18-million-dalton plasmids were not detected in the Lac-Prt-mutants, whereas the Lac-Prt+ derivative lacked only the 18-million-dalton plasmid and the Lac+ Prt-mutant lacked only the 10-million-dalton plasmid. In S. lactis ML3 five distinct plasmids, with approximate molecular weights of 2, 4, 8, 22, and 30 million, were present. The 8-and 22-million-dalton plasmids were not detected in the Lac-Prt--derivative, but the 8-million-dalton plasmid was present in the Lac-Prt+ mutant. The evidence suggests that lactose-fermenting ability and proteinase activity in these organisms are mediated through two distinct plasmids having molecular weights of 8 x 106 to 10 x 106 for proteinase activity and 18 x 106 to 22 x 106 for lactose metabolism.
The instability of lactose metabolism (6, 11, 19) and proteinase activity (1, 4, 19) in lactic streptococci is well documented. This instability has recently prompted speculation that both of these properties are mediated through plasmid deoxyribonucleic acid (DNA) (11, 15) . Previous studies in our laboratory has shown the existence of extrachromosomal elements in these organisms (2, 10) . Later, McKay and Baldwin (9) found that spontaneous Lac-mutants of Streptococcus lactis C2 were also Prtand that these Lac-Prt-mutants could be transduced to Lac+ Prt+ or Lac+ Prt-derivatives. They suggested the possibility that lactose metabolism and proteinase activity are mediated through plasmid DNA and that they are carried on two distinct plasmids that could be transduced. Recently, the same investigators (10) presented evidence that proteinase activity is carried on a plasmid having an approximate molecular weight of 10 million. This study describes the isolation of Lac-Prt-, Lac+ Prt-, and Lac-Prt+ variants from three Lac+ Prt+ strains of S. lactis and our attempt to correlate the presence or absence of plasmid DNA to lactose metabolism and/or proteinase activity.
MATERIALS AND METHODS Organisms. The strains used in this investigation were S. lactis C10, M18, and ML3, which were obtained from our stock culture collection. A description of the propagation and maintenance of these organisms was reported previously (11) . The isolated mutants were grown and maintained in glucose broth (3) .
Detection of Lac-Prt-mutants. The Lac+ Prt+ cultures were treated in the following manner. The wild-type strains were grown overnight in lactic broth (3) , and a loopful from each culture was streaked onto lactose indicator agar (11 Plasmid isolation. The labeling and extraction of plasmid DNA, preparation of CsCl-EB gradients, and electron microscopy of plasmid DNA were described earlier (2) . Molecular weights were calculated from the equivalence: 1.0 ,um = 2.07 x 10' daltons (8) .
RESULTS
Loss of lactose metabolism at elevated temperatures. and M18 and after 16 h for S. lactis ML3. No such loss was detected when the organisms were incubated at 35 or 37°C for as long as 36 h. Cultures failed to grow when incubated at 41°C. Under the experimental conditions, Lac-mutants appeared after about 6 generations in the case of S. lactis C10 and M18 and after 13 generations for S. lactis ML3. These results are comparable to those of May et al. (13) , who found that tetracycline and penicillin resistance loss of Staphylococcus aureus grown at 43 to 44°C did not appear until after the elapse of a number of generations at the elevated temperature.
Species of S. lactis thus gave rise to Lacvariants when propagated near their maximum growth temperature. The loss of genetic properties upon growth at elevated temperatures has been reported for species of Enterobacteriaceae (7) and S. aureus (16) . In many cases these properties were found to be plasmid linked. McKay et al. (11) also found that Lac-cells appeared after extended subculturing when S. lactis C2 was incubated at 37°C or lower.
McKay and Baldwin (9) have recently shown that their Lac-mutants of S. lactis C2 were also Prt-. Therefore, to determine whether the Lac-derivatives isolated at 39°C from S. lactis ClO, M18, or ML3 were also Prt-, the organisms were grown in milk and the degree of proteolysis was measured as previously reported (9) . The results in Table 2 indicate that when the Lac-mutants were grown in milk they were also Prt-. To confirm the Lac-Prt-phenotype, the organisms were grown in milk supplemented with glucose and/or milk protein hydrolysate at 21°C for 18 h, and acid-producing ability was measured by the change in pH of the milk culture. In glucose-supplemented milk ( Table 2 ) the mutants remained defective in proteolytic activity but did lower the pH, indicating that glucose was being fermented. The mutants also failed to ferment lactose when the milk was supplemented with an exogenous nitrogen source (milk protein hydrolysate). The 18-16. They found three plasmid species (1, 2, and 5 million daltons, respectively) in Lac+ or Lac-S. lactis C2 and suggested that an examination of a larger number of molecules would be required before a possible relationship between lactose metabolism and plasmid DNA could be established. Later it was found that the Lac-mutant of S. lactis C2 was also Prt- (9) , and it was established that two additional plasmids of 10 and 30 million daltons were present in Lac+ Prt+ S. lactis C2 (10). The proteinase-deficient mutant of C2 (Lac+ Prt-) lacked only the 10-million-dalton plasmid, suggesting that proteinase activity is mediated through plasmid DNA.
Unlike S. lactis C2, in Lac-S. cremoris B1 (2) . Alternatively, as was found in S. lactis C2, more than one species of plasmid DNA might be present in a single cell (2, 10) . This means that the loss of one plasmid species would not necessarily be detected by CsCl-EB gradients since all the covalently closed circular DNA would band together. To obtain evidence for more than one plasmid species, fractions from the CsCl-EB density gradient containing the plasmid DNA were pooled and prepared for electron microscopy as described earlier (2) . A large number of molecules were examined, and plasmid size histograms were prepared. Table 3 shows the size distribution of plasmid DNA molecules isolated from Lac+ Prt+ S. lactis C10, M18, and ML3. Figure  4A shows a histogram of the five plasmids present in S. lactis C10. The 8-and 21-million-dalton plasmids were not detected in the Lac-Prtmutant (Fig. 4B) , whereas in the Lac-Prt+ mutant only the 21-million-dalton plasmid was missing (Fig. 4C) . Figure 5A shows the five distinct plasmids present in Lac+ Prt+ S. lactis ML3. The Lac-Prt-mutant is missing the 8-and 22-million-dalton plasmids, respectively (Fig. 5B) , but in the Lac-Prt+ mutant only the 22 x 106-dalton plasmid was absent (Fig. 5C ). ined in which we were able to isolate the three combinations of lactose-and/or proteinase-deficient mutants. By comparing the data presented in Fig. 6 , it can be seen that the Lac+ Prt+ parent culture possessed five plasmids of molecular weights of 2, 4, 10, 18, and 27 x 10fi, respectively, whereas the Lac-Prt-M18 lacked the 10-and 18-million-dalton plasmids. Furthermore, only the 18 x 106-dalton plasmid was (11) . These results and the CsCl-EB density gradients of Lac+ and Lac-S. cremoris B, (2) have prompted speculation that lactic streptococci may be carrying a plasmid that is responsible for the cells ability to ferment lactose (9) .
Results presented in this communication further implicate the role of plasmids in the loss of lactose-fermenting ability and proteinase activity in lactic streptococci. The three strains of S. lactis examined appear to possess five plasmids of distinct size classes with molecular weights of 2, 4, 8 to 10, 18 to 22, and 27 to 30 million. Growing these organisms at elevated temperatures or in the presence of EB at 37°C resulted in the loss of lactose-fermenting ability and/or proteinase activity as well as the loss of the 8-to 10-and/or 18-to 22-million-dalton plasmid. Both size classes of plasmids were absent in the Lac-Prt-isolates. The Lac-Prt+ mutants lacked the 18-to 22-million-dalton plasmid, whereas the Lac+ Prt-mutant of M18 was only missing the 10-million-dalton plasmid. These results indicate that in S. lactis C10, M18, and ML, proteolytic activity is linked to an 8-to 10-million-dalton plasmid, whereas lactose metabolism is mediated through a larger 18-to 22-million-dalton plasmid. In S. lactis C2 McKay and Baldwin (10) also found five distinct plasmids, but the molecular weights were 1, 2, 5, 10, and 30 million.
